Introduction {#sec1-1}
============

Personal identification forms an integral part of forensic science, especially when it deals with crimes or with mutilated bodies that have undergone damage beyond recognition. There are numerous techniques of identification: Some of them are constructive and others comparative.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6]\] Identification of an Individual is classified as certain, probable, possible or excluded.\[[@ref7]\] The aim of all these techniques is the positive identification done by ante mortem and post-mortem comparisons (e.g. Finger Prints, X-rays, Odontology or deoxyribonucleic acid) as well as cranio facial reconstruction (CFR) techniques. This may only be a lead toward a proposal for identification. CFR has emerged as an important tool in forensic identification of human remains. It may be two-dimensional (2D), three-dimensional and/or computer assisted.\[[@ref8]\]

Facial reconstruction is the building of the face of an individual on to the skull and has been used primarily in the forensic field for identification of skeletal remains.\[[@ref9][@ref10][@ref11]\] Krogman and Iscan stated that "The skull is the matrix of the living head; it is the bony core of the fleshy head and face in life".\[[@ref12]\] This has been the principal behind forensic facial reconstruction. Practitioners in this field take help from soft-tissue prediction guidelines that have been published.\[[@ref13][@ref14]\] However, many of these guidelines are subjective and have not been systematically evaluated using empirical methods. Teeth are the hardest and chemically the most stable tissues in the body. They are known to resist post-mortem, mechanical, chemical, physical and thermal types of destruction.\[[@ref15]\]

Besides, they are also readily accessible and do not need special dissection. Therefore, teeth are invaluable elements used in identifying anthropological, genetic, odontologic, evolutionary and forensic investigations among living and non-living population.\[[@ref16][@ref17]\]

Teeth are used for sex determination by way of odontomertic analysis. Mandibular canines are found to exhibit the greatest sexual dimorphism among all teeth.\[[@ref18][@ref19]\] "Sexual dimorphism" refers to those differences in size, stature and appearance between males and females. These differences can be applied to dental identification, since no two mouths are alike.

The study of permanent Maxillary Canine teeth offers certain advantages. These teeth are less affected by periodontal diseases and are also less exposed to plaque. Moreover, they are less prone to calculus and abrasion from brushing. Over and above, maxillary canines are the last to be extracted with respect to age.\[[@ref20]\]

The construction of complete dentures is based on valuable clinical parameters such as the combined width of maxillary anterior teeth, especially when pre-extraction records are not available. According to previous studies intercanine width is known to correlate well with several facial measurements. However, there seem to be conflicting views on the value of such estimation.

The objective of this study was to discover if intercanine width can be used to determine interpupillary distance, intercanthal distance, interalar distance, bizygomatic distance and then to evaluate the possible application of these findings for use in forensics and thereby 2D reconstruction of the face.

Materials and Methods {#sec1-2}
=====================

The study enrolled 90 patients visiting the Department of Oral Medicine and Radiology in Raja Rajeshwari Dental College and Hospital. Out of the 90 subjects, 45 were males and 45 were females. Both sexes were divided into three age groups, i.e. 18-24, 25-28, 29-35 respectively.

Inclusion criteria for the study were participants between 18 and 35 years, because facial growth is complete at the end of this period. Participants who had complete permanent dentition with ideal arch form and alignment and in whom there was an absence of morphological developmental anomalies (peg lateral, supernumerary teeth, mesiodens, retained deciduous teeth) were selected.

Patients with history of orthodontic treatment or extraction, congenital facial defects, presence of class III or class IV caries, presence of restoration, presence of crowding, diastema, rotation, tooth fracture, proclination and retroclination and gingival inflammation or hypertrophy were excluded from the study. Prior consent was taken from the institution and ethical clearance was obtained from the institutional ethical committee. Nature of the study was explained explicitly and consent of the subjects was obtained.

The three parameters, inner intercanthal distance, outer intercanthal distance, inter alar width were measured with digital Vernier caliper having a resolution of 0.01 m. Inter canine width was measured on the casts made by a high quality alginate impression using a digital Vernier caliper (NSK) having a resolution of 0.01 mm. Two investigators measured three parameters independently and each subject was investigated upon twice.

Determination of inner inter canthal distance {#sec2-1}
---------------------------------------------

The subjects were seated comfortably on the dental chair in a relaxed state in an upright position with the head resting firmly against the head rest. The inner inter canthal distance was measured from the medial angle to the medial angle of the palpebral fissure. The distance between these two points was measured using a digital Vernier caliper of resonance 0.01 mm. The experiment was done by bringing the recording parts of the caliper just in contact with the medial angle of the palpebral fissure, without applying pressure \[[Figure 1](#F1){ref-type="fig"}\].

![Measurement of inner inter canthal distance](JFDS-7-1-g001){#F1}

Determination of outer inter canthal distance {#sec2-2}
---------------------------------------------

The subjects were seated comfortably on the dental chair in a relaxed state in an upright position with the head resting firmly against the head rest. The outer canthal distance was measured from the lateral angle to the lateral angle of the palpebral fissure. The distance between these two points was measured using a digital Vernier caliper by placing two scales vertically just in contact with the lateral angle of the palpebral fissure, without applying pressure \[[Figure 2](#F2){ref-type="fig"}\].

![Measurement of outer inter canthal distance](JFDS-7-1-g002){#F2}

Determination of interpupillary distance {#sec2-3}
----------------------------------------

The subjects were seated comfortably on the dental chair in a relaxed position with the head resting firmly against the head rest. Subjects were advised to look straight without laying much pressure on the eyes. The distance between the center of the pupils was measured using a digital Vernier caliper, by placing two scales vertically, just at the position of the center of the pupil \[[Figure 3](#F3){ref-type="fig"}\].

![Measurement of interpupillary distance](JFDS-7-1-g003){#F3}

Determination of inter-alar width {#sec2-4}
---------------------------------

As in the above experiments, the subjects were seated comfortably on the dental chair in a relaxed state in an upright position with the head resting firmly against the head rest. The inter-alar width was determined by using the external width of the nose at the widest point. The distance between the two points was measured without applying pressure on the nose. The recording part of the caliper was in contact with the outer surface of the nose. While measuring, the patients were asked to stop breathing momentarily, in order to avoid any changes in the shape of the nose. The inter alar width was measured using the external width of the nose at the widest point and the distance between these two points was determined \[[Figure 4](#F4){ref-type="fig"}\].

![Measurement of inter-alar width](JFDS-7-1-g004){#F4}

Determination of inter-canine width {#sec2-5}
-----------------------------------

Inter-canine width was measured from the casts made by a high quality alginate impression using a digital Vernier caliper having a resolution of 0.01 mm, between incisal edges of canines \[[Figure 5](#F5){ref-type="fig"}\].

![Instrumentation used](JFDS-7-1-g005){#F5}

Determination of bizygomatic width {#sec2-6}
----------------------------------

Bizygomatic width was measured from posteroanterior view by measuring the distance between most lateral positions in zygomatic arch (SIDEXIS next generation software) \[Figures [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}\].

![Measurement of inter-canine width](JFDS-7-1-g006){#F6}

![Measurement of bizygomatic width](JFDS-7-1-g007){#F7}

Statistical analysis {#sec2-7}
--------------------

Analysis of variance and Pearson correlation of study variables was established. Regression analysis was performed to predict the study variables by inter canine width. The Statistical software namely  SAS 9.2, SPSS 15.0, Stata 10.1, MedCalc 9.0.1, Systat 12.0 and R environment version 2.11.1 were used for the analysis of the data.

Results {#sec1-3}
=======

The mean of different variables i.e. interpupillary distance, inter-canthal distance, interalar distance, bizygomatic distance and intercanine width in different age groups is shown in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. Most of the reference points were comparatively more in males than in females except inner inter-canthal distance in the age group 24-28 and 29-35 years \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

###### 

Mean values of inter pupillary distance, outer intercanthal distance, inter alar distance, inner inter-canthal distance, bizygomatic width and maxillary inter canine width in male

![](JFDS-7-1-g008)

###### 

Mean values of inter pupillary distance, outer intercanthal distance, inter alar distance, inner inter-canthal distance, bizygomatic width and maxillary inter canine width in female

![](JFDS-7-1-g009)

Pearson correlation in males showed {#sec2-8}
-----------------------------------

There was a highly significant association of intercanine width with inter pupillary distance, outer inter-canthal distance and interalar width. There was the non-significant association with inner inter-canthal distance and bizygomatic distance in the age group 18-23 \[[Table 3](#T3){ref-type="table"}\]There was a highly significant association of intercanine width with inter pupillary distance, outer inter-canthal distance, moderately significant with bizygomatic width and non-significant with inner inter-canthal distance and inter-alar distance in the age group 24-28 \[[Table 3](#T3){ref-type="table"}\]There was a highly significant association of intercanine width with inter pupillary distance, suggestive significant with outer inter-canthal distance and non-significant with inner inter-canthal distance, inter-alar distance and bizygomatic width in the age group 29-35 \[[Table 3](#T3){ref-type="table"}\].

###### 

Pearson correlation of interpupillary distance, interalar distance, inner-canthal distance, outer-canthal distance, bizygomatic width, with intercanine width in different age and gender

![](JFDS-7-1-g010)

In females Pearson correlation showed {#sec2-9}
-------------------------------------

There was a moderately significant association of intercanine width with inner inter-canthal distance, suggestive significant association with bizygomatic width and non-significant with outer inter-canthal distance and interalar width in the age group 18-23 \[[Table 4](#T4){ref-type="table"}\]There was a highly significant association of intercanine width with inter pupillary distance. The outer inter-canthal distance was moderately significant with inter-alar distance and non-significant with inner inter-canthal distance and bizygomatic distance in the age group 24-28 \[[Table 4](#T4){ref-type="table"}\]There was a highly significant association of intercanine width with outer inter-canthal distance and bizygomatic width, moderately significant with inter pupillary distance, inner inter-canthal distance and non-significant with inter-alar distance in the age group of 29-35 \[[Table 4](#T4){ref-type="table"}\].

###### 

Pearson correlation of interpupillary distance, interalar distance, inner-canthal distance, outer-canthal distance, bizygomatic width, with intercanine width in different age and gender

![](JFDS-7-1-g011)

Prediction analysis showed the regression equation to predict the various reference points with intercanine width {#sec2-10}
-----------------------------------------------------------------------------------------------------------------

Reference point to be detected = Constant + Beta-coefficient × intercanine width

Where constant and Beta-coefficient are fixed values \[as by Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\] and intercanine width varies from subject to subject.

###### 

Prediction analysis of interpupillary distance, interalar distance, inner-canthal distance, outer-canthal distance, bizygomatic width, with intercanine width in different age and gender

![](JFDS-7-1-g012)

###### 

Prediction analysis of interpupillary distance, interalar distance, inner-canthal distance, outer-canthal distance, bizygomatic width, with intercanine width in different age and gender

![](JFDS-7-1-g013)

For example, for females in 18-23 age group-

Inter papillary distance = 48.38 + 0.35 × inter canine width \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\].

Discussion {#sec1-4}
==========

This study is based on the principle of Prosthodontics where different facial reference points are used to determine the width of anterior teeth and intercanine width for the purpose of teeth setting.\[[@ref21][@ref22][@ref23][@ref24]\] In some studies, there was a significant relationship between different reference points with intercanine width.\[[@ref21][@ref22][@ref23][@ref24]\] Hence this study is done contrary to this principle. We aimed to see whether intercanine width can be used to determine various reference points. Age groups selected in our study is similar to age groups used in other studies.

We had divided subjects into three age groups in both males and females because literatures showed variability in intercanine width with age.\[[@ref25][@ref26]\] Our study showed very little difference of intercanine width with age in males but comparatively, the difference substantially increased in females. However, this criterion cannot be reliable, as intercanine width can vary in different facial profiles and it does not depend on the age group but depend on the gender.

In males, Pearson correlation of maxillary intercanine width with Interpupillary, outer inter-canthal distance, inter-alar distance of age group 18-23, Interpupillary, outer inter-canthal distance for age group 24-28 and Interpupillary distance in the age group 29-35 showed a high degree of significance with *P* \< 0.01.

Pearson correlation of maxillary intercanine width with bizygomatic width for age group 24-28 showed a moderate significance and suggestive significance with outer inter-canthal distance for the 29-35 age groups in males.

In females Pearson correlation of maxillary intercanine width with Interpupillary, outer inter-canthal distance for age group 24-28 and outer inter-canthal distance, bizygomatic width in the age group of 29-35 showed a high degree of significance with *P* \< 0.01.

Pearson correlation of maxillary intercanine width with inner inter-canthal distance for age group 18-23, inter alar distance for age group 24-28, inner inter-canthal distance for age group 25-35, showed a moderate significance. It showed suggestive significance with bizygomatic width for age group of 18-23 in females.

In the present study, subjects were divided into two groups-males and females in order to determine the dimensions on both the sexes. It was found that there was a statistically, highly significant difference in maxillary inter canine width, outer inter-canthal distance and inter alar distance, whereas only a significant difference was observed in the Interpupillary distance. These findings reveal that they are influenced by the differences in the size of the jaws, the teeth and the overall facial form.

The limitation of this study was resiliency of the soft-tissues. Hence additional studies are required where bony landmarks can also be taken as reference points, in which case, it will be perhaps more reliable.

Another limitation is that, this study was carried out within the institutional set up and subjects in the 18-35 age group were evaluated. Hence, the result may be applicable to just a small population in the said age range.

The results of the study should be validated by including a large population size spread over the entire Indian subcontinent. This would help to generate multiple factors for various anthropological measurements for use among the Indian population.

The correlation between intercanine distance and other cephalometric or anthropometric parameters like facial type and vertical dimensions thus obtained, can be a future prospectus for the basis of scientific co-relation of these parameters.

Conclusion {#sec1-5}
==========

Analysis of measurements showed that inter canine width can be used as a predictor for different facial reference points but not in all geographical areas, as this study was purely limited to south Indian population. This is the first study of its kind. Hence further research should necessarily be done on different ethnic groups to confirm the empirical observations.
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